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Abstract- A novel circular polarized antenna structure capable
of high radiation efficiency and suitable for use in multilayer
microwave circuits is presented. The antenna uses a low
permittivity dielectric layer on top of a high permittivity
substrate to enhance radiation. The novel split ring design
ensures compensation for the progressive loss in the travelling
wave around the ring. Data are provided for a prototype antenna
working at 20GHz.
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I. INTRODUCTION
The expanding applications for microwave communication
systems have generated a need for compact, high-performance
microwave circuits with integrated antennas. In this paper, we
propose a novel antenna structure capable of high radiation
efficiency suitable for use in multilayer microwave circuits.
The traveling wave feed system offers high quality circular
polarization which is a key requirement for many existing and
developing mobile communication systems. The proposed
design can be fabricated using thick film technology, thus
satisfying the demand for high volume microwave circuits at
low cost.
The proposed antenna uses a low permittivity dielectric
layer printed on a high permittivity substrate, as shown in fig.
1, to improve the fringing fields at the edges of the radiation
patches. The work is an extension of the concept using strips
of low dielectric constant material underneath the radiation
edges of a patch to enhance radiation efficiency [1]. In the
proposed design the low dielectric constant material is placed
on top of the high permittivity substrate, thus forming a
multilayer structure. The antenna comprises three substrate
layers with a patch array fed by two half circular microstrip
channels, compensating for the progressive loss in signal. A
theoretical investigation based on electromagnetic simulation
was performed to validate the new radiation efficiency
enhanced antenna at 20GHz.
II. ANTENNA THEORY AND STRUCTURE
The structure of the radiation enhanced CP antenna is
illustrated in fig. 2. The antenna is composed of 8 planar
rectangular radiating patches. Each patch is linearly polarized
and has dimensions Lp and Wp, where Lp is the resonant
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Figure 2. Configuration of the Antenna
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dimension and Wp is the width of the patch, defining the
radiating edges. The patches are excited with a progressive
phase lag of 450 because there is an annular spacing of )/8
between the patches, thus leading to circular polarization. The
basic design concept of the antenna was originally established
by K. Lum and C. Free[2].
The antenna feed is through a circular 50Q microstrip
channel, of width Ws, and Ws2, which runs on top of the first
substrate and on top of the second substrate respectively. The
feed is divided into two half rings splitting the power from the
feed to the patches. The power in from the feed on the bottom
layer is fed through to the feed in the middle layer through a
via. Each patch was matched to the respective microstrip line.
A portion of the signal travelling in the bottom layer feed line
will successively excite each patch. The second half of the
patch array is then successively excited through the middle
layer feed line, therefore compensating for the progressive loss
of signal in the feed.
Simulated data was obtained for a test antenna made on
Alumina ADS-96R with the following parameters: substrate
thickness h = 0.254 mm, substrate dielectric constant Fr = 9.8.
The key antenna dimensions were:
Length of the patch Wp = 6.9mm
Width of the patch Lp = 2.9mm
Width of the microstrip line Ws, = 0.248mm Ws2 = 0.578mm
Diameter of the circular microstrip line channel = 16.4mm
Circuit dimensions = 50.8mm x 50.8mm
As illustrated in fig. 3 a low dielectric constant material was
placed beneath the patches to improve the efficiency of the
radiation. One of the key parameters affecting radiation
efficiency is the dielectric constant. The lower the dielectric
constant, the less the concentration of energy in the substrate.
Therefore more radiation occurs. The high dielectric constant
substrate material reduces the radiation. This is because the
most of the EM field is then concentrated in the dielectric
between the conductive patch and the ground plane. The low
dielectric constant material used was KQ150 (Heraeus Inc)
with a dielectric constant of 3.9. Dielectric layer thickness was
fabricated to be 50pm. The presence of the low dielectric
material increases the intensity of the electric field distribution
at the radiating edges of the patch.
The coupling between the two microstrip feed lines was
minimized by a dielectric layer of 100um. The same low
dielectric constant KQ150 (Heraeus Inc) was used to avoid
coupling between the microstrip feed lines whilst contributing
to the enhancement of radiation.
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Figure 3. Configuration of the layers
III. RESULTS-ANTENNA ON CERAMIC
The structure was modeled using an electromagnetic
simulator Momentum® (AGILENTAdvanced Design System).
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Figure 4. S-Parameters of the Antenna Design
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The optimum frequency of operation was 20.3GHz. This is
slightly different from the designed value of 20GHz because no
matching was included to account for the reactance presented
by the patches to the feed line. As seen from fig. 4, the return
loss of the antenna is -35.58dB at 20.3GHz. In this antenna
structure the traveling wave can reflect, radiate or dissipate
power in the substrate. By determining S21 and S31, we can
find the amount of power dissipated in the antenna. If we
assume that the amount of signal dissipated in the substrate is
negligible, then S21 and S31 indicate the percentage of power
that is radiated. The reflection is negligible, as shown from the
high return loss in fig 4. Therefore most of the signal traveling
through the feed has been radiated. S21 and S31 were found to
be -15.86dB and -11.07dB, respectively, for the above design.
Thus, indicating radiation loss between the input port and the
respective output ports.
Furthermore, from fig 5. the radiated power from the
antenna design was calculated to be 90% of the input power at
the optimum frequency of operation, 20.3GHz. The bandwidth
of the antenna was 120MHz. Therefore the design is
considered to be useful for practical narrowband applications.
IV. ANTENNA ON POLYMER
This type of antenna structure was also investigated using
polymer material for all three layers. Simulated data was
obtained for a test antenna with the following parameters:
substrate thickness for each layer h = 0.127mm and substrate
dielectric constant Fr = 2.5
The key antenna dimensions were:
Length of the patch Wp = 4.6mm
Width of the patch Lp = 4.1mm
Width of the microstrip line Ws, = 0.35mm Ws2 = 0.744mm
Diameter of the circular microstrip line channel = 29.6mm
Circuit dimensions = 35mm x 50mm
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Figure 7. Maximum Power Radiation of the Antenna at the Frequency of
Operation
The optimum frequency of operation was 20.44GHz. This
is slightly different from the designed value of 20GHz because
no matching was included to account for the reactance
presented by the patches to the feed line. As seen from Fig. 6,
the return loss of the antenna is -10.92dB at 20.44GHz. The
reflection is negligible, as shown from the high return loss in
fig 6. Therefore most of the signal traveling through the feed
has been radiated. S21 and S31 are calculated to be -18.02dB
and -13.895dB respectively for the above design. Thus,
indicating radiation loss between the input port and the
respective output ports.
Furthermore, using the data from fig 7. the radiated power
from the antenna design was calculated to be 87% of the input
power at the optimum frequency of operation, 20.4GHz. The
bandwidth of the antenna is 300MHz.
V. RESULTS -ANTENNA ON POLYMER
The structure was modeled using an electromagnetic
simulator Momentum® (AGILENTAdvanced Design System).
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for the progressive loss of the signal in traveling around the
ring. This form of antenna structure is particularly suitable for
inclusion in highly integrated multilayer transceivers.
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